Background Proper management of small bowel obstruction (SBO) requires a methodology to prevent nontherapeutic laparotomy while minimizing the chance of overlooking strangulation obstruction causing intestinal ischemia. Our aim was to identify preoperative risk factors associated with strangulating SBO and to develop a model to predict the need for operative intervention in the presence of an SBO. Our hypothesis was that free intraperitoneal fluid on computed tomography (CT) is associated with the presence of bowel ischemia and need for exploration. Methods We reviewed 100 consecutive patients with SBO, all of whom had undergone CT that was reviewed by a radiologist blinded to outcome. The need for operative management was confirmed retrospectively by four surgeons based on operative findings and the patient's clinical course. Results Patients were divided into two groups: group 1, who required operative management on retrospective review, and group 2 who did not. Four patients who were treated nonoperatively had ischemia or died of malignant SBO and were then included in group 1; two patients who had a nontherapeutic exploration were included in group 2. On univariate analysis, the need for exploration (n = 48) was associated (p \ 0.05) with a history of malignancy (29% vs. 12%), vomiting (85% vs. 63%), and CT findings of either free intraperitoneal fluid (67% vs. 31%), mesenteric edema (67% vs. 37%), mesenteric vascular engorgement (85% vs. 67%), small bowel wall thickening (44% vs. 25%) or absence of the ''small bowel feces sign'' (so-called fecalization) (10% vs. 29%). Ischemia (n = 11) was associated (p \ 0.05 each) with peritonitis (36% vs. 1%), free intraperitoneal fluid (82% vs. 44%), serum lactate concentration (2.7 ± 1.6 vs. 1.3 ± 0.6 mmol/l), mesenteric edema (91% vs. 46%), closed loop obstruction (27% vs. 2%), pneumatosis intestinalis (18% vs. 0%), and portal venous gas (18% vs. 0%). On multivariate analysis, free intraperitoneal fluid [odds ratio (OR) 3.80, 95% confidence interval (CI) 1.5-9.9], mesenteric edema (OR 3.59, 95% CI 1.3-9.6), lack of the ''small bowel feces sign'' (OR 0.19, 95% CI 0.05-0.68), and a history of vomiting (OR 4.67, 95% CI 1.5-14.4) were independent predictors of the need for operative exploration (p \ 0.05 each). The combination of vomiting, no ''small bowel feces sign,'' free intraperitoneal fluid, and mesenteric edema had a sensitivity of 96%, and a positive predictive value of 90% (OR 16.4, 95% CI 3.6-75.4) for requiring exploration. Conclusion Clinical, laboratory, and radiographic factors should all be considered when making a decision about treatment of SBO. The four clinical features-intraperitoneal free fluid, mesenteric edema, lack of the ''small bowel feces sign,'' history of vomiting-are predictive of requiring operative intervention during the patient's hospital stay and should be factored strongly into the decision-making algorithm for operative versus nonoperative treatment.
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Introduction
Appropriate management of acute small bowel obstruction (SBO) has been and continues to be a common clinical challenge [1, 2] . The goal of treatment is to recognize both promptly and precisely the presence of intestinal ischemia to establish an appropriate clinical plan. The traditional surgical dictum in patients with a complete SBO has been to operate within 12-24 h in proper scenarios-that is, ''The sun should never rise and set on a complete SBO.'' Traditional management, however, can lead to nontherapeutic laparotomy along with the associated morbidities and further adhesion and its potential sequelae [3, 4] . Therefore, nonoperative management, using nasogastric decompression and fluid resuscitation with close and frequent clinical reassessment, has proven to be successful in a substantial percentage of selected patients with SBO. Unfortunately, a nonselective, nonoperative plan can be dangerous [5, 6] . When embarking on an initial nonoperative approach, surgeons must be flexible to manage those patients properly with persistence or progression of their symptoms because late recognition of a strangulation obstruction is associated with markedly increased morbidity and mortality [7, 8] .
Clinical parameters included in the history and physical examination, laboratory analysis, and imaging modalities can be used as clues to provide a better assessment of the risk of underlying strangulation and an appropriate plan of treatment [4, 8, 9] . Our hypothesis was that the presence of a recognizable amount of free intraperitoneal fluid on abdominal/pelvic computed tomography (CT) is associated with the need for exploration and with the presence of underlying intestinal ischemia. Therefore, our aim was to identify retrospectively selected clinical factors, such as free peritoneal fluid, using both univariate and multivariate analyses to predict successfully which patients will at some point require operative intervention during their hospitalization for either strangulation obstruction or nonresolving SBO.
Materials and methods
Institutional review board authorization was obtained to review retrospectively 100 consecutive adult patients from January through May 2006 with signs and symptoms consistent with SBO who had undergone concurrent CT. Patients with a known history of ascites, laparotomy, or laparoscopy within 6 weeks were excluded. All CT scans were available for review by an experienced staff radiologist (P.W.E.) who was blinded to the clinical course. The appropriateness of the operative or nonoperative approach to management was determined by consensus of the four contributing surgeons (M.D.Z., M.P.B., S.F.H., M.G.S.) based on findings at exploration (either laparotomy or laparoscopy) and the ultimate clinical course of each patient. Patients with an SBO and no prior abdominal operation underwent exploration.
Recorded features of the patients' histories included age, sex, and the presence of obstipation or vomiting, number and type of prior abdominal procedures, history of prior SBO, hernia, diabetes mellitus, cardiovascular co-morbidities, abdominal irradiation, Crohn's disease, and malignancy. Chart review for duration of obstipation data was inconsistent, and therefore this feature was not included in the analysis. Features of interest on the physical examination included fever, tachycardia, abdominal distension, and peritonitis. The laboratory factors evaluated included serum lactate concentration (mmol/l) and white blood cell count (9 10 9 /l). Eight CT examinations were performed at outside institutions using a variety of CT scanners and scan techniques; all were deemed to be of acceptable quality. The specific findings on CT that we postulated might be important clinical determinants of outcome were evaluated. Features of interest in the small intestine included the presence of dilation, air-fluid levels, ''small bowel feces sign'' (gas bubbles and debris within the obstructed small bowel lumen, often referred to as ''fecalization''), thickened wall, pneumatosis intestinalis, a definite transition point (decompressed small bowel distal to dilated small bowel), and findings suggestive of a closed loop obstruction (single, isolated segment of dilated small intestine) [10, 11] . Features of interest in the small bowel mesentery included edema, defined by hazy fluid attenuation in the mesentery of the involved intestinal segment and vascular engorgement or vascular ''swirling.'' Other findings of interest on CT included the presence of free intraperitoneal fluid, portal venous gas, and free intraperitoneal air.
CT: methodology and interpretation

Analysis of data
There were 52 women and 48 men with an average age of 64 years (range 18-96 years). Patients were grouped according to whether they needed operative treatment (group 1, with 48 patients) or whether they could have initially been managed nonoperatively (group 2, with 52 patients). Four patients who were treated nonoperatively but who had small bowel ischemia or died in hospice of nonresolving malignant SBO were included in group 1 because they died of complications of SBO. Two patients underwent operative exploration and were included subsequently in group 2 (Table 1) , one who underwent nontherapeutic laparotomy and another who underwent feeding jejunostomy revision unrelated to obstruction.
Associations of morbidity, hospital mortality, time from admission to exploration, and duration of hospital stay were compared between groups using the chi-squared, Fisher's exact, and Wilcoxon rank-sum tests. The magnitude of the association of each feature studied with both small bowel ischemia and the need for operative management was evaluated using univariate logistic regression models and summarized with an odds ratio (OR) and 95% confidence interval (CI). The features that were significantly associated with the need for operative management in a multivariable setting were determined using stepwise logistic regression models with a 0.05 significance level and a model-free classification procedure called random forests. This approach ranks each feature by its ability to discriminate between patients who did and did not need operative treatment while controlling for interactions among features. The predictive ability of this multivariable model was evaluated using a c index, which in the setting of a logistic regression model is equivalent to the area under a receiver operating characteristic (ROC) curve. The c index ranges from 0.5 to 1.0, with values of 0.5 indicating no predictive ability and 1.0 indicating perfect predictive ability. All tests were two-sided with p \ 0.05 considered statistically significant.
Results
The etiology and management of SBO are summarized in Table 2 . The most common etiology in group 1 was an obstructing neoplasm, with adhesive disease as the second most common cause. Adhesive disease was the most common (presumed) etiology in group 2. About half of the patients in group 1 underwent bowel resection with primary anastomosis. Lysis of adhesions, herniorrhaphy, palliative intestinal bypass, and stoma formation accounted for the remaining portion of the group.
Group 1 had greater morbidity (52% vs. 21%, p = 0.001) and in-house mortality (19% vs. 0%, p \ 0.001) rates than group 2. The presence of strangulation obstruction conferred greater morbidity (82% vs. 30%, p = 0.002), but the difference in hospital mortality was not statistically significant (18% vs. 8%, p = 0.257), albeit the numbers were small. The average time from admission to laparotomy was 1.5 days (median 0 days, range 0-6 days) when strangulation obstruction was present; the time to operative treatment increased to 5.3 days (median Table 3 . On univariate analysis, the need for operative treatment was significantly associated with malignancy, vomiting, and CT findings of free intraperitoneal fluid ( Fig. 1 ), mesenteric edema (Fig. 2) , mesenteric vascular engorgement, and thickened small intestinal wall. In contrast, the features associated with successful nonoperative management included a history of prior abdominal operations, prior hospitalization for SBO, and the ''small bowel feces sign.'' There were 11 patients with strangulation obstruction, 1 of whom died in the hospital of unrecognized intestinal necrosis after inappropriate nonoperative management. Significant univariate associations with small bowel ischemia (Table 4) included peritonitis, free intraperitoneal fluid, increased serum lactate concentration, mesenteric edema, closed loop obstruction, pneumatosis intestinalis, and portal venous gas. In contrast, patients with prior abdominal surgery were less likely to have strangulation obstruction compared with patients without prior abdominal surgery. Each increase in the serum lactate concentration of 1 mmol/l was associated with a greater than threefold increased risk of strangulation obstruction, although this feature was measured in only 74 patients, of whom 9 had strangulation obstruction. Only 51% of patients underwent abdominal plain radiograph prior to CT, and therefore these results were not included in the analysis.
Multivariate analysis
On multivariate analysis, the clinical findings significantly associated with the need for operative treatment included vomiting, mesenteric edema, free intraperitoneal fluid, and no ''small bowel feces sign'' ( Table 5 ). The c index from this multivariable model was 0.79. Patients with vomiting were 4.7 times more likely to require eventual operative treatment. The small bowel feces sign was associated with a greater than fivefold decreased risk of the need for an operation. Mesenteric edema and free intraperitoneal fluid were associated with 3.6-and a 3.8-fold increased risk, respectively.
Altogether, 21 patients had the combination of vomiting, no small bowel feces sign, mesenteric edema, and free intraperitoneal fluid; 19 (90%) of them required operative exploration. This clinical presentation resulted in a sensitivity of 40%, specificity of 96%, and a positive predictive value (PPV) of 90% regarding the need for operative treatment. The patients with this combination of features were more than 16 times more likely to require operative treatment than patients having other combinations of these clinical features. This combination of symptoms and findings is important because of these 21 patients 13 (62%) were treated initially nonoperatively at the time of presentation. The mortality rate related directly to the episode of SBO in these 13 patients was substantially greater when compared to the 8 patients who were treated initially (within the first 12 h) by operative exploration (54% vs. 0%, p = 0.018). These 13 patients, compared to the other 8 patients, had similar morbidity (69% vs. 50%, p = 0.646) and duration of stay (14 vs. 11 days, p = 0.342). When three or more of these predictive factors were present (n = 47), there was a sensitivity of 69%, specificity of 73%, and PPV of 70% for requiring operative exploration. As expected, the predictive value for requiring operative exploration decreased with fewer predictive features. When two or more features were present, the sensitivity was 100%, specificity was 25%, and the PPV was 55% with a negative predictive value (NPV) of 100%. Interestingly, none of the patients with one or fewer predictive features required operative exploration (Table 6 ). No multivariable modeling was performed for the patients with strangulation obstruction because there were too few patients with small bowel ischemia to support more than one feature in a model (n = 11).
Discussion
Timely and appropriate operative treatment of SBO should improve morbidity and mortality rates, although accurately determining which patients should undergo operative therapy during the hospitalization can be difficult [5, 7] . No definable learning curve exists because even the most senior surgeons are inaccurate predictors [12] . When the traditional signs of vascular compromise of the bowel (i.e., fever, tachycardia, leukocytosis, peritonitis) are present, operative exploration is clearly indicated. When only a few of these features are present, however, the clinical picture and the need for operative intervention may be much less certain. Additionally, CT images contain a multitude of information, but which features on CT predict the need for operative intervention? To address these issues, our aim was to develop a multivariate model that would assist surgeons in predicting which patients with SBO should undergo early exploration in an attempt not only to decrease morbidity and mortality by shortening unsuccessful periods of nonoperative management but also to identify those patients at greatest risk of harboring an underlying strangulation obstruction.
Multiple studies have demonstrated the CT features that correlate with the diagnosis of SBO [13] [14] [15] [16] . More recently, authors have attempted to identify risk factors that correlate with strangulation obstruction to predict the need for operative management to prevent delayed recognition of infarcted bowel [9, 17] . Bias is present inherently in these studies, however, because the endpoints are based on operative exploration, which may or may not have been therapeutic or necessary. We maintain that every OR odds ratio, CI confidence interval, PPV positive predictive value, NPV negative predictive value NA: Odds ratio could not be estimated because either none of the patients with the feature needed an operation (Crohn's disease), none of the patients lacking the feature needed an operation (small bowel air fluid level), or all of the patients with the feature needed an operation (pneumotosis, PV gas, free air) a Odds ratios represent the increased risk of the need for an operation with each 1-unit increase in the feature experienced surgeon can remember patients for whom they wish, in retrospect, that a different plan of care had been undertaken, such as nonoperative management of a strangulation obstruction or perhaps performing a nontherapeutic laparotomy. This is the very reason a predictive model is needed; a surgeon's judgment is not absolute and can be wrong. Additionally, patient populations such as those with advanced malignant SBO may choose not to undergo operative treatment even if indicated. In the current study, there were six patients who were analyzed in the opposite group after evaluation of their hospital course. After discussion among the surgeon authors, three patients were determined in retrospect to have been treated inappropriately. In addition, there were three patients with SBO secondary to widespread malignancy who met indications for operative management but because of their specific clinical scenario the management team and the patient together decided not to pursue operative treatment. These patients would have been put into what we consider to be the ''wrong'' group if looked at purely from an operative versus nonoperative standpoint. The correct endpoint for analyzing these patients, therefore, is not whether they had an operation but whether they should or should not have undergone exploration. We maintain that this novel approach strengthens our model. Consensus exists that a multivariate model would offer the best approach to predict the presence of strangulation obstruction [17] . To this end, several attempts have been made to create a predictive model to help direct appropriate treatment of SBO, but these studies used data from select portions of the entire clinical scenario [9, [18] [19] [20] . Instead, our model attempted to identify the relevant features from the entire clinical scenario, including the history, physical examination, laboratory evaluation, and CT imaging.
Multiple randomized, prospective trials have examine the use of water-soluble contrast material-i.e., methylglucamine diatrizoate (Gastrografin) or sodium diatrizoate/ meglumine diatrizoate (Urografin)-as a therapeutic intervention in the setting of adhesive SBO [21] [22] [23] [24] [25] [26] [27] [28] . The results are mixed as to whether a therapeutic benefit to water-soluble contrast is realized. An implication within these studies, however, is the predictability of the contrast challenge. Whereas some studies suggested that contrast that transits to the colon within a 4-to 72-hour range predicts a lesser chance that operative intervention is required [22] [23] [24] [25] [26] , the remaining studies showed no evidence of predictability [27] [28] [29] . The model we present has several advantages over a water-soluble contrast challenge. Our model predicts the need for exploration at admission and can therefore avoid unnecessary delays of nonoperative management and its associated fluid, electrolyte, and nutrition complications. Additionally, early recognition of those patients who will require operative intervention can avoid nonoperative management of a strangulation obstruction. Lastly, contrast aspiration is a rare but real risk associated with contrast administration in the setting of SBO. This complication is avoided in our model. A head-to-head comparison of these methods may be worth pursuing.
''Complete'' bowel obstruction is defined by dilated loops of small bowel without gas in the colon on abdominal plain radiography, whereas with ''partial'' obstruction gas is demonstrated in the colon [29] . Only half of the cohort underwent abdominal plain radiography preoperatively, leading us to exclude this factor from analysis. As a surrogate for complete (versus partial) obstruction, we looked for the presence of a transition point on CT. There was no association on univariate or multivariate analysis with this sign. Owing to the low sensitivity and specificity of plain abdominal radiography [16] , we believe it is a useful first examination if the question of SBO is uncertain but that it consumes too much time and money if a strong pretest probability exists. Most of these patients undergo subsequent CT imaging. If, however, plain abdominal radiography confirms a diagnosis of SBO and operative exploration is planned based on the results combined with the history and physical examination, CT need not be performed. a Odds ratios represent the increased risk of small bowel ischemia with each 1-unit increase in the feature NA: Odds ratio could not be estimated since either none of the patients with the feature had ischemia (Crohn's disease), none of the patients lacking the feature had ischemia (small bowel air fluid level); or all of the patients with the feature had ischemia (pneumotosis, PV gas, and free air). p-values were obtained using Fisher's exact tests
After multivariate analysis, we found four clinical signs (vomiting, lack of the small bowel feces sign, mesenteric edema, free intraperitoneal fluid) that offered independent predictive value for the need for operative treatment in these 100 patients with SBO. One of our primary interests was whether the presence of any amount of free intraperitoneal fluid on CT was associated with both the need for operative treatment and the presence of strangulation obstruction. Several studies have demonstrated a correlation of free intraperitoneal fluid with the need for operative intervention and small bowel ischemia, corroborating our findings and correlating with our clinical experience. A recent report was able to show a threefold increase in the need for operative intervention if free intraperitoneal fluid was present on CT [19] . Additionally, ''large'' amounts of free intraperitoneal fluid (i.e., overflow from the pelvic cavity) has been shown to be associated with strangulation obstruction [20] . A multivariate analysis correlated this finding and also demonstrated that CT is able to differentiate strangulated from nonstrangulated obstructions [30] . Conversely, other studies examining this same finding were unable to find an association of free intraperitoneal fluid and strangulation obstruction [9, 13, 31] . We excluded patients with a known history of ascites or a recent abdominal exploration to eliminate confusion on this feature. Therefore, our model does not apply to these patient populations. Despite the conflicting data in the literature, we believe the presence of free intraperitoneal fluid on CT is predictive of requiring operative intervention and is include in our predictive model. Mesenteric edema on CT also appears to be a marker of potential compromise of the adjacent bowel wall, predictive for the need of operative treatment. The small bowel feces sign has been shown previously to be associated with strangulation obstruction [9] . We were unable to corroborate this finding; and indeed to our initial surprise, we found that the small bowel feces sign in the setting of SBO was actually predictive of the lack of need for operative intervention. Absorptive function of the small bowel in the presence of a complete obstruction is deranged markedly [16] . We hypothesize that the small bowel feces sign is evident when the small bowel is able to resorb fluid, resulting an air-debris mixture; this finding may imply a less severe obstruction owing to functioning small bowel. Further study is needed to verify our result. The presence of vomiting is a common sign in patients with SBO. Vomiting suggests a more proximal or long-standing distal obstruction and potential seriousness and duration than if it is absent. The commonality of this sign between the two groups (i.e., specificity), however, decreases its clinical usefulness when evaluated alone; in combination with the other features, however, it has strong predictive ability.
Patients who were managed nonoperatively during their initial consultation, despite having the four multivariate features identified, had poorer outcomes. In our data set, more than half of these patients were treated ''conservatively'' at their initial evaluation. Our findings suggest that a more ''conservative'' approach to the management of these patients may actually be to proceed directly to the operating room because this treatment reduces morbidity and mortality by avoiding delay in treatment of an underlying strangulation obstruction in 62% of these patients. This approach may prevent several unnecessary days of nasogastric decompression and its corresponding fluid, electrolyte, and nutrition derangements in addition to decreasing the duration of stay and the corresponding potential for developing infection or colonization from nosocomial bacteria. Most importantly, this approach minimizes the potential for inappropriately managing a strangulation obstruction inadvertently by a nonoperative approach.
We developed an algorithm (Fig. 3) . If a patient with SBO has signs of small bowel ischemia, peritonitis, hypotension, lactic acidosis, and radiologic features of closed loop obstruction, pneumatosis intestinalis, and portal venous gas, immediate operative intervention is indicated.
If not, the patient should undergo CT analysis. If all four clinical features are present at this point, continued nonoperative approach is prohibitive and an immediate operative intervention is indicated. Our practice has been to explore patients who have SBO and have never had an abdominal procedure. We undertake CT imaging in this scenario to determine the cause of SBO, as malignancy is more common in this group. When three or more features are present, there is 70% predicted need for operative intervention. We recommend operative intervention for most of these patients. There are, however, clinical scenarios (e.g., malignant obstruction, known dense adhesions) that confer a higher morbidity with operative intervention. These select patients may undergo initial nonoperative management with constant reevaluation. There is a significant chance that nonoperative management could be successful when fewer than two features are present. Therefore, we recommend a strong consideration of initial nonoperative management. Of course, there must be flexibility in the initial plan based on the evolving clinical course. Our algorithm not only predicts those who need an operation but, just as importantly, those who do not. A recent article by Rocha et al. [32] studied retrospectively 145 cases of high-grade SBO detected on CT. Despite the ''high grade'' nature of the SBO, 46% of these patients were able to be treated nonoperatively. Although specific CT findings, such as intraperitoneal free fluid and mesenteric edema, were not addressed, this study corroborates our finding that a transition point with distal decompression alone is not an indication for operative intervention: The entire clinical picture must to be taken into account.
Conclusions
Our algorithm is a strong predictive model and can be used in everyday clinical practice. Identification of the four clinical features and appropriate reaction based on the algorithm should decrease mortality with the potential of decreasing the number of hospital days and the morbidity in patients presenting with SBO. We believe that future study in another population will confirm these results. 
